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Abstract 
Purpose: The MedMont Topographer was introduced as a tool not only to obtain 
accurate measures of the cornea, but also to measure pupil size. This study evaluated 
the accuracy of the objective MedMont topographer by comparing the automated pupil 
size measurement to a manual method. Method: Video images including the pupil and 
iris were analyzed. Manual measurement using the MedMont measure tool was 
compared with the automated reading produced by the instrument. Results: Intra-
observer agreement for manual measurement was very high: mean difference of 
horizontal= 0 mm (95%CI -0.27, 0.17) mean difference ofvertical = -0.10 mm (95% CI 
-0.38-0.19). Agreement ofthe automated measure with the manual horizontal measure 
was also high, with mean difference= 0.21mm (-0.10, 0.51). In comparison to the 
manual vertical measure the automated pupil size was slightly larger: mean difference 
=0.31 mm (-0.07, 0.67). Conclusion: The automated pupil measure produced by the 
MedMont topographer agrees quite well with manual measure from the same images, 
although it trends to measure the pupil as slightly larger than do human observers. The 
pupil measure function of the MedMont topographer may be clinically useful in 
documenting pupil size measurement. 
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Introduction 
The examination of pupils has always been an integral part of a thorough eye 
exam. Methods of quantifying pupils' response to light, equality, and size are utilized to 
help evaluate the health of the patiene, and in the case of refractive surgery evaluation or 
contact lens fitting, to help predict success. In either of these latter cases, pupils that are 
too large are considered predictive of problems with glare17. Various methods have been 
used to collect this information, including photographs, pupil rulers, and infrared 
pupillometers. However, a degree of error is present in most methods. 
As pupil size is an exceptionally unpredictable element in the eye exam, there 
have been various studies to discover the most accurate and repeatable measurement 
method. One such study contrasted the Rosenbaum card comparison pupillometry and 
infrared pupillometry, finding a large range of agreement between the two techniques. 
The Rosenbaum method repeatedly overestimated pupil diameters and was highly 
influenced by inter-examiner repeatability. The Rosenbaum measuring procedure was 
also used in comparison with the Colvard pupillometer in mesopic and scotopic settings 
in a 2003 study by Pop M, et al. The findings here reveal that the Colvard and 
Rosenbaum measurements were not statistically different although the repeatability ofthe 
Colvard pupillometer was higher than that of the Rosenbaum15. 
The Colvard infrared pupillometer was used in another comparison study with the 
Video Vision Analyzer (VIVA) infrared pupillometer18 . The outcome showed the 
findings with the Colvard pupillometer were more consistent and specific than with the 
VIVA. 
Another such study found that the Humphrey videokeratography to accurately predict the 
patients with diameters greater than 6.5mm under mesopic conditions14. Another 
discovery was that numerous binocular pupillometry measurements are better than single 
monocular measurements to get a better definition of pupil behavior before any type of 
refractive surgery16. 
Overall, the Colvard infrared pupillometer has currently been considered 
the gold standard for pupil measurement4 . There still remains the topic of examiner bias 
which is significant, especially with pupils between 7.0 mm and 8.0 mm. Monocular 
pupil measurements tend to induce considerably larger pupils than with binocular 
measurement16. An additional problem with the pupil measurement studies is the 
inconsistency of the testing considerations. In the midst of the current pupil measuring 
insufficiency it is critical to utilize any new means of measurement that may be available, 
such as the MedMont Topographer. 
As corneal refractive surgery becomes more common and accessible, the 
numbers of patients interested in pursuing it also increases. When a patient expresses an 
interest in LASIK, their optometrist has multiple responsibilities to them. These include 
educating the patient on potential risks, evaluating their suitability for the procedure, and 
addressing any possible contraindications6. The list of contraindications typically 
includes exceptionally large pupils, among many others5. Pre-operative care is generally 
focused on minimizing side effects of dry eye, unrealistic expectations, and corneal 
distortion or instability. Wavefront evaluation ofpost-LASIK eyes typically shows a 
significant increase in spherical aberration compared to the normal eye1. The impact this 
has on the vision is directly related to the pupil size. 
Patients with large pupils are prone to significant night glare, decreased contrast 
sensitivity, and overall decrease in vision clarit/. The authors ofNight Vision 
disturbances after corneal refractive surgery assert that in order to reduce the 
aforementioned visual disturbances in RK it is imperative to closely relate the pupil size 
and optical clear zone. In procedures such as PRK and LASIK the main dynamics are 
ablation diameter size and location and pupil size 12• 
Side effects related to pupil size are among the most common problems following 
all types of refractive surgery. If the size ofthe treatment zone and the pupil do not 
correlate, patients may experience night glare, "starbursts," or other visual disturbances10. 
For this reason, it is crucial to have an accurate determination of pupil location relative to 
the visual axis and that pupil size is limited even in low light conditions17 • Post-surgical 
remedies such as use of miotic eye drops have only limited success making it important 
to measure the pupil size before surgery is performed9. 
This paper will focus on the accuracy of the MedMont topographer in measuring 
pupil size and speculate on its possible use in pre-operative management of the refractive 
surgery patient. The MedMont topographer was introduced to the market and touted as a 
wonderful new tool for obtaining a detailed measurement of the cornea. This instrument 
uses 32 rings and over 15,000 measurement points, offering detailed topography 
information over a large range of the cornea. The data points range from a minimum ring 
diameter of 0.25 mm to over 10 mm, making it possible to assess various corneal 
irregularities 11 • Another feature of the topographer is automatic measurement of pupil 
SIZe. 
The MedMont Topographer makes claims it is capable of accurate topographies, 
measures of curvature, and pupil size. Most clinicians use the device principally for 
determination of corneal shape; however, a validated method of objectively measuring 
and recording pupil size would make this instrument even more valuable. MedMont 
does not offer information on how their claims of accuracy are validated or on the 
acceptable degree of error in its measurements. This project will compare the agreement 
of the automated pupil measurement function of the MedMont Topographer with manual 
measurement made on the same image. 
Methods 
All of the measurements used in this study were obtained from MedMont Studio's 
image capture system and software. The pupils measured were from previously captured 
topography images of optometry students. The topographer captures and analyses an 
image fo the eye. Relative spacing of a series of 32 reflected rings provides the bases for 
interpretation of the corneal shape. In the raw, black and white video image one can 
distinctly see the contrast of the pupil and the iris. An automated tool within the program 
will "find" the limits of the pupil and give a measure ofthe pupil size. Alternatively, and 
examiner can use a "ruler" tool to manually define the limits of the pupil. It is these two 
methods of measurement that are compared in this study. The measurements were 
obtained using the following protocol: 
Each patient file was opened in alphabetical order. From the opened patient file, 
the right and left eyes' pupils were measured, using the measurement with the highest 
percentage of accuracy. Accuracies of less than 90% were not used. 
Before reading the measurement, the "Display the image options dialog" button 
was clicked. From this menu, the "Pupil" box was checked, and the "Color Map" box 
was unchecked. Checking the Pupil box displays the MedMont' s automatic pupil 
measurement. Un-checking the Color Map causes the image to be displayed as a black 
and white photograph of the eye, rather than the multi-colored topographical map. 
To evaluate the MedMont's measurement, the Ruler tool was used by first 
clicking on the "Add/edit annotations to the current image" and then selecting the 
"Ruler" option. Using the ruler, the horizontal diameter of the MedMont' s "pupil" was 
measured and recorded, followed by the vertical diameter. 
After all of the MedMont' s measurements fore each patient were recorded, two 
different examiners hand measured the pupil diameters. In this procedure, the edge of the 
pupil was determined by the color change of the black pupil vs. the gray of the iris. 
Again, the horizontal and vertical measurements were taken using the Ruler tool. The 
data was then compiled and analyzed using Microsoft Excel. 
Results 
The data was analyzed using the "limits of agreement" method. By doing this, we 
were given a 95% confidence interval for how well the two measures agreed. 
First, we compared Examiner 1 and Examiner 2' s hand measurements for the 
horizontal and vertical measures. This inter-observer agreement showed to be very good 
for the horizontal measure (mean difference = 0 and the 95% CI is -0.27 to 0.17), as well 
as for the vertical measure (mean difference= -0.10 and the 95 CI is -0.38 to 0.19). 
These two sets of measures are very close, especially considering that the pupil is 
normally measured to O.Smm of accuracy. Graphically, it can be seen that the inter-
observer error is very low (nearly zero on average) and the variability is small (Figure 1). 
Next we compared the hand measurements to the MedMont's measurements. 
Because the examiner' s measurements showed such good agreement, we felt that it was 
acceptable to use the average of the two measurements for both the vertical and 
horizontal comparisons to the MedMont's vertical and horizontal measurements. 
For the horizontal measure, the mean difference was 0.21 mm with a 95% CI of 
-0.10 to 0.51. For the vertical measurement, mean difference was 0.30 with a 95% CI of 
-0.07 to 0.67. This is seen graphically in Figure 2. Please note that in this case, the 
MedMont bias is to over-estimate the measure compared to the examiner's hand 
measures. On average, this over-estimation is not by much, but it does exceed 0.5mm on 
the upper limit of the vertical measure. 
Conclusion 
The conclusion that we come to through this study is that by using the MedMont's 
hand measurement tool, the reading will be more conservative, although the difference 
compared to the auto measurement is quite small. Clinically, we are not as worried by the 
small disagreement between the hand measures and the MedMont measures as we are 
with the O.Smm of estimation of the MedMont' s vertical measure. For the purpose of 
pupil measure in refractive surgery evaluation, we would want to err on the side of 
caution, and therefore prefer to under, rather than over estimate the measurements. 
In closing, an accurate device for pupil measurement would be an immense 
advancement in the midst oftoday's world of refractive surgery and orthokeratology. 
Pupil size has been a known role in patient symptoms and likely discomfort following 
refractive correction procedures and therefore is of utmost concern to those providers 
performing pre-operative care. A device such as the MedMont topographer not only 
allows for this measurement but also the ability to print the image for patient records, 
unlike most current methods of pupil measurement. As a topography reading is standard 
of care for a pre-refractive surgery evaluation, having the pupil measurement as part of 
this procedure would only further enhance the quality and efficiency of patient care. 
Although our results show great accuracy in measurement, the limitation in levels of 
ambient light have not been addressed; perhaps missing the largest pupil size. A further 
study could be designed to concentrate on various lighting conditions to address the 
previously mentioned limitation of this study. 
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Figure 1. Agreement plot for manual measure of horizontal pupil diameter by two 
observers. The boxed line shows the mean difference, the dashed lines represent the 95% 
cr. 
Figure 2. Agreement plot for manual measure of vertical pupil diameter by two 
observers. The boxed line shows the mean difference, the dashed lines represent the 95% 
CI. 
Figure 3. Agreement plot for the mean manual measure versus the Medmont measure of 
horizontal pupil diameter. The boxed line shows the mean difference, the dashed lines 
represent the 95% cr. 
Figure 4. Agreement plot for the mean manual measure versus the Medmont measure of 
vertical pupil diameter. The boxed line shows the mean difference, the dashed lines 
represent the 95% CI. 
Table 1. Raw data of measurements for each observer and Medmont, both vertical and 
horizontal. 
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Table 1. 
H1 V1 H2 V2 
Initials Eye % Photo# (mm) (mm) (mm) (mm) 
TA 00 98 1 3.48 3.38 3.7 4.42 
OS 99 1 4.04 3.99 4.01 4.01 
DA 00 99 1 3.76 3.7 3.78 3.76 
OS 99 1 4.23 4.18 4.29 4.29 
PA 00 97 1 4.72 4.78 4.74 4.74 
OS 97 1 5.01 4.93 5.05 4.99 
LB 00 98 1 3.23 3.29 3.31 3.38 
OS 99 1 3.53 3.33 3.46 3.33 
RB 00 98 8 4.31 4.33 4.35 4.48 
OS 99 1 3.93 3.91 4.01 4.08 
IB 00 99 1 2.76 2.66 2.85 2.7 
OS 99 1 2.74 2.7 2.85 2.51 
RB 00 99 1 3.59 3.42 3.57 3.5 
OS 99 1 3.61 3.55 3.44 3.53 
SB 00 98 1 2.99 2.89 2.97 3.02 
OS 99 1 3.16 2.89 3.27 3.08 
CB 00 99 1 2.97 3.06 2.85 2.87 
OS 99 1 3.5 3.61 3.4 3.53 
EB 00 98 1 2.95 2.9 2.95 2.83 
OS 98 1 3.14 2.8 3.06 2.85 
CB 00 99 1 3.27 3.19 3.29 3.19 
OS 99 1 3.38 3.38 3.4 3.32 
MB 00 99 1 2.83 2.4 2.7 2.57 
OS 99 1 3.16 3.08 3.21 3.19 
EB 00 99 1 4.21 4.23 4.46 4.31 
OS 98 1 5.27 5.1 5.44 5.29 
TC 00 99 1 4.29 4.31 4.4 4.46 
OS 99 1 3.91 4.02 4.02 4.04 
BC 00 98 1 3.76 3.72 3.91 3.78 
OS 99 1 3.87 3.89 3.8 3.89 
BC 00 96 4 2.53 2.42 2.57 2.44 
OS 99 1 2.68 2.63 2.74 2.8 
AC 00 98 5 4.78 4.71 4.97 4.78 
OS 99 1 3.63 3.42 3.53 3.46 
LC 00 99 1 5.78 5.76 5.69 5.88 
OS 99 1 5.42 5.27 5.16 5.29 
AC 00 98 1 4.82 4.7 4.97 4.8 
OS 98 1 4.4 4.4 4.59 4.31 
JD 00 99 1 3.19 3.14 3.19 3.28 
OS 99 1 3.83 3.48 3.68 3.61 
DO 00 99 1 4.16 4.08 4.25 4.21 
OS 99 1 4.52 4.16 4.72 4.5 
LD 00 99 1 4.4 4.42 4.23 4.4 
OS 99 1 4.71 4.8 4.89 4.97 
JF 00 99 1 4.97 5.01 5.16 5.18 
OS 98 1 4.38 4.33 4.59 4.74 
NF OD 95 1 4.65 4.57 4.84 4.72 
OS 99 1 4.35 4.4 4.55 4.48 
CF OD 97 1 4.59 4.5 4.8 4.76 
OS 97 1 5.1 5.04 5.22 5.27 
JG OD 99 1 3.42 3.23 3.48 3.29 
OS 99 1 3.91 3.8 3.99 3.97 
JG OD 99 1 4.67 4.65 4.84 4.72 
OS 99 1 5.29 5.29 5.5 5.48 
DG OD 99 1 5.44 5.35 5.44 5.44 
OS 99 1 5.63 5.59 5.72 5.65 
KG OD 99 1 3.16 3.16 3.25 3.23 
OS 99 1 3.46 3.44 3.42 3.55 
JG OD 99 1 3.74 3.38 3.74 3.5 
OS 99 1 3.7 3.63 3.8 3.63 
PH OD 98 6 3.97 3.87 3.9 3.72 
OS 99 1 3.61 3.38 3.46 3.42 
MH OD 99 5 4.76 4.61 4.78 4.69 
OS 99 1 3.82 3.78 3.91 3.82 
AH OD 99 1 4.23 4.06 4.44 4.27 
OS 99 1 3.97 3.89 4.1 4.04 
KH OD 98 1 4.74 4.69 4.8 4.84 
OS 98 1 5.52 5.37 5.61 5.57 
SH OD 99 1 4.82 4.84 4.84 4.79 
OS 99 1 3.93 3.84 4.02 3.91 
PH OD 99 1 3.53 3.42 3.66 3.57 
OS 98 1 4.97 5.2 5.19 5.31 
KK OD 99 1 4.14 4.04 4.12 4.14 
OS 99 1 4.35 4.21 4.42 4.4 
BK OD 98 1 2.4 2.25 2.3 2.31 
OS 99 1 2.31 2.19 2.21 2.27 
JK OD 99 1 3.84 3.65 3.91 3.91 
OS 98 1 3.44 3.29 3.53 3.36 
KK OD 99 1 4.86 4.72 4.82 4.84 
OS 99 1 5.06 5.22 5.18 5.35 
KK OD 99 1 3.91 4.01 4 4.04 
OS 99 3 3.87 3.63 3.74 3.76 
MH1 MV1 MH2 MV2 
(mm) (mm) (mm) (mm) 
TA 00 4.37 4.14 4.43 4.14 
OS 4.84 4.86 4.78 4.84 
DA 00 4.16 4.16 4.16 4.12 
OS 4.52 4.61 4.48 4.63 
PA 00 4.8 4.78 4.76 4.8 
OS 5.03 5.01 5.06 5.03 
LB 00 3.27 3.4 3.31 3.42 
OS 3.57 3.48 5.53 3.5 
RB 00 4.48 4.54 4.46 4.59 
OS 4.1 4.18 4.08 4.21 
18 00 3.02 2.91 3.04 2.89 
OS 3.25 3.08 3.23 3.14 
RB 00 3.8 3.82 3.82 3.89 
OS 3.87 4.06 3.84 4.06 
SB 00 3.16 3.19 3.21 3.19 
(dark iris) OS 3.4 3.27 3.33 3.27 
CB 00 3.27 3.4 3.25 3.4 
OS 3.89 4.1 3.87 3.99 
EB 00 3.29 3.66 3.38 3.68 
OS 3.4 3.53 3.36 3.44 
CB OD 3.33 3.42 3.38 3.36 
OS 3.46 3.42 3.51 3.48 
MB 00 3.1 3.19 3.1 3.14 
OS 3.76 3.87 3.76 3.91 
EB OD 4.76 4.7 4.69 4.69 
OS 5.52 5.65 5.52 5.61 
TC 00 4.52 4.59 4.55 4.63 
OS 4.14 4.27 4.14 4.27 
BC 00 3.95 3.97 3.99 3.91 
OS 3.99 4.21 4 4.16 
BC OD 2.65 2.59 2.68 2.53 
OS 2.82 3.1 2.91 3.08 
AC 00 5.12 5.42 5.14 5.37 
OS 3.97 4.27 3.99 4.23 
LC 00 5.73 5.84 5.78 5.9 
OS 5.54 5.5 5.48 5.5 
AC 00 5.03 5.1 5.1 5.1 
OS 4.84 4.78 4.86 4.78 
JD 00 3.48 3.38 3.44 3.42 
OS 3.89 3.68 3.82 3.74 
DO 00 4.35 4.37 4.4 4.36 
OS 4.71 4.55 4.8 4.61 
LD OD 4.65 4.85 4.65 4.85 
OS 5.18 5.29 5.16 5.31 
JF OD 5.37 5.42 5.37 5.37 
OS 4.74 4.89 4.74 4.93 
NF OD 4.88 4.93 4.88 4.91 
OS 4.76 4.65 4.8 4.63 
CF OD 4.99 4.86 4.99 4.91 
OS 5.5 5.46 5.48 5.48 
JG OD 3.57 3.4 3.5 3.44 
OS 4.01 4.06 4.08 4.1 
JG OD 4.91 4.93 4.91 4.91 
OS 5.48 5.61 5.54 5.61 
DG OD 5.61 5.65 5.59 5.63 
OS 5.71 5.8 5.8 5.8 
KG OD 3.36 3.44 3.34 3.46 
OS 3.57 3.53 3.55 3.57 
JG OD 3.87 3.97 3.97 3.93 
OS 3.99 4.23 4 4.18 
PH OD 4.29 4.25 4.28 4.21 
OS 3.95 3.97 3.91 3.97 
MH OD 4.84 4.86 4.86 4.84 
OS 3.95 3.99 3.91 3.93 
AH OD 4.5 4.38 4.52 4.44 
OS 4.12 4.08 4.01 3.97 
KH OD 4.88 4.82 4.82 4.91 
OS 5.5 5.65 5.48 5.59 
SH OD 5.1 5.1 5.08 5.1 
OS 4.18 4.16 4.21 4.14 
PH OD 3.76 3.72 3.78 3.8 
OS 5.27 5.52 5.29 5.57 
KK OD 4.16 4.31 4.21 4.31 
OS 4.44 4.46 4.44 4.48 
BK OD 2.51 2.53 2.51 2.48 
OS 2.46 2.44 2.44 2.46 
JK OD 4.01 4.1 4.01 4.1 
OS 3.59 3.63 3.57 3.57 
KK OD 5.03 5.03 5.05 5.99 
OS 5.16 5.48 5.21 5.46 
KK OD 4.01 4.14 4 4.08 
OS 3.89 3.83 3.78 3.74 
